AIM To study the prevalence of minor neurological dysfunction (MND) at 6 years of age in a cohort of children born extremely preterm without cerebral palsy (CP) and to investigate associations with motor function, cognitive abilities, and behaviour.
Most children born very (<32wks of gestation) and extremely (<28wks of gestation) preterm survive without developing major neuromotor impairment (cerebral palsy [CP] ). 1 However, these children are still at high risk of developing a range of neurodevelopmental impairments, including cognitive and behavioural difficulties, [2] [3] [4] and a large proportion of those who survive without CP will develop subtle neurological impairments, [5] [6] [7] [8] which may affect their daily activities.
The concept of minor neurological dysfunction (MND) can be useful when describing neurological impairments in children who do not develop CP but still have some neuromotor impairment. MND is not a classical neurological diagnosis, but a description of a child's neurological profile, which describes difficulties with posture, muscle tone regulation, balance, mildly abnormal reflexes, coordination, and cranial nerve function. 9 It can be classified as simple MND or complex MND, depending on the number of dysfunctional domains. The prevalence of MND has been described in the typically developing population [10] [11] [12] and the most common form, simple MND, has little clinical relevance whereas complex MND may be associated with impaired cognitive abilities and motor function, and behaviour problems. [9] [10] [11] 13 MND has also been studied in the context of prematurity and neonatal complications such as brain injury, 5, [14] [15] [16] which is common in children born extremely preterm. Studies have also indicated that MND can be associated with learning, cognitive, and motor problems in children born preterm. [5] [6] [7] 14 Although there is some information available on MND for children born preterm and, to a limited extent, those born very preterm, associations with cognitive abilities, behaviour, and everyday motor activities have not yet been reported in the same study for children born extremely preterm. The association between MND and development in other domains may be useful for identifying children at risk of long-term neurodevelopmental problems.
The aims of our study were (1) to investigate the prevalence of MND in a cohort of children born extremely preterm and compare this with term-born children at a mean age of 6 years 6 months, (2) to investigate associations between MND and motor function, general cognitive abilities, and behaviour in the preterm group, and (3) to explore associations between MND and parental reports of the child's difficulties with daily motor activities in the preterm group. We hypothesized that (1) the prevalence of MND was higher in the extremely preterm group than the comparison group and (2) that children with MND in the preterm group also had more impairments in other investigated developmental domains.
METHOD Participants
This prospective cohort study included 118 children who were born extremely preterm (before 27wks of gestation) in Stockholm, Sweden, between January 1st, 2004 and March 31st, 2007. The participants were a subgroup of the national Extremely Preterm Infants in Sweden Study (EXPRESS). The children were examined with neonatal cranial ultrasound for intraventricular haemorrhage and periventricular leukomalacia during their hospital stay in the neonatal period.
The children were invited for follow-up at a mean age of 6 years 6 months. One child with Down syndrome, two with congenital cytomegalovirus infection, and two with congenital malformations were excluded from the sample. Seventeen of the children eligible for follow-up at age 6 years 6 months declined participation and three had moved away, leaving 93 (80%) participants born preterm (Table SI, online supporting information) . Ninety-six term-born children recruited from the Swedish Medical Birth Registry, selected for age, postcode, sex, and maternal country of origin, served as a comparison group. Parental educational level was recorded; above high-school level was considered a high level of education.
The regional ethics committee in Stockholm approved the study and parental written informed consent was obtained for all participants.
Outcome measures
The assessors were blinded to whether the child was born at term or preterm.
Neurological profile was assessed with a simplified version of the Touwen Infant Neurological Examination 17 and included the evaluation of four domains: reflexes, nerve function of the face and eyes, posture and muscle tone, and coordination and balance. The findings were classified on the basis of the number of dysfunctional domains, as normal neurology, simple MND (one or two domains abnormal), or complex MND (more than two domains abnormal). 17 CP was diagnosed on the basis of the criteria of the Surveillance of Cerebral Palsy in Europe Working Group. 18 The Movement Assessment Battery for Children, Second Edition (MABC-2) 19 was used to assess motor function. In the MABC-2, there are three scales; for each of the three scales (manual dexterity, ball skills, and balance) a standard score is calculated, and a total score can be derived by adding the scores from each subscale. For each scale and the total test score, centiles can be derived. Scores between the 5th and the 15th centile are indicative of borderline motor problems, scores at or below the 5th centile are indicative of definite motor problems.
The parent version of the Five to Fifteen questionnaire 20 comprises 181 questions that identify difficulties in fine motor skills, gross motor skills, executive functions, perception, memory, language, learning, social skills, and behavioural problems. There are norms for the Scandinavian population, and the questionnaire has been shown to have good reliability and validity. 20 This study only used the responses for fine and gross motor skills, with a cut-off above the 90th centile indicating clinically relevant problems. 20 We used this information to assess whether MND would be associated with parent-rated everyday motor function.
General cognitive abilities were assessed with the Wechsler Intelligence Scale for Children, Fourth Edition (WISC-IV). 21 Full-scale IQ (mean 100, SD 15), working memory, verbal comprehension, perceptual reasoning, and speed of information processing composite scores were used in this study.
Behaviour was evaluated with the parent and teacher report of the Strengths and Difficulties Questionnaire (SDQ). 22 The SDQ contains four scales: emotional symptoms (normal range for parents 0-3, teacher 0-4), conduct problems (0-2), hyperactivity/attention (0-5), and peer relationship problems (0-2, 0-3). A summarized score of 0 to 13 is considered normal, 14 to 16 borderline, and 17 to 40 abnormal in the parent version; 0 to 11 is considered normal, 12 to 16 borderline, and 16 to 40 abnormal in the teacher version. Prosocial behaviour has a normal score of 6 to 10.
Statistical analysis
Data were analysed using SPSS 22.0 (SPSS Inc, Chicago, IL, USA). The Student's t-test, Mann-Whitney U test, and Kruskal-Wallis H test were used, as appropriate, to identify differences between the groups in continuous data. Kendall's tau-b, the v 2 test, Fisher's exact test, or the v 2 for trend were used, as appropriate, for categorical outcomes, to investigate associations between neurological classification groups (normal, simple MND, complex MND). Three separate multiple linear regressions were performed to investigate associations between neurological profiles and motor skills, cognition, and behaviour, while controlling for relevant clinical variables. The MABC-2 total score, What this paper adds
• Extremely preterm birth carries a risk of minor neurological dysfunction (MND).
• MND in children born extremely preterm is associated with impaired motor function and cognitive abilities, and behavioural problems.
• Male sex is associated with MND in children born extremely preterm.
Full-scale IQ, and SDQ summarized scores were entered into the regression analyses as dependent variables. The independent variable was 'neurology profile' (with ordinal classification, normal, simple MND, complex MND). Other variables were included in the final regression models if there was evidence from a clinical perspective that they might be associated with the dependent variables, or they were variables that were significant in a univariate test with a p value less than 0.1. Assumptions about the absence of multicollinearity problems, the Durbin-Watson value for independence of observations, equal variance, outliers, normality of residuals, and linearity were met in the regression analyses. The statistical significance level was set at a two-sided p value of less than 0.05.
RESULTS
Nine children born extremely preterm were diagnosed with CP and were therefore excluded from further analyses (Table SI , online supporting information); four of the remaining children born extremely preterm and six of the term-born children did not complete the neurological examination. The drop-out analyses are presented in Table SI , and the neonatal characteristics of the remaining 80 preterm and 90 term children in the sample are presented in Table I .
One child who underwent a neurological examination in the preterm group did not complete the MABC-2 and the WISC-IV assessments, two did not complete the M-ABC assessment, and five children born preterm did not complete the WISC-IV assessment.
The response rate for the questionnaires in the group of 80 children born preterm was SDQ parents 78 (98%), SDQ teacher 50 (63%), and Five to Fifteen questionnaire 64 (80%). In the term group it was SDQ parents 90 (100%), SDQ teacher 66 (73%), and Five to Fifteen questionnaire 88 (98%) ( Table I) .
Prevalence and characteristics of MND
MND was significantly more prevalent in the preterm group than in the term-born group. Fifty-one (64%) of the participants born preterm had normal neurology, 23 (28.7%) had simple MND, and six (7.5%) had complex MND, compared with 88 (98%), two (2%), and 0 respectively, in the term group (p<0.001).
Among the children born preterm with simple MND, distributions of dysfunctional domains were as follows: five out of 23 within the domain 'reflexes', seven out of 23 in the domain 'posture and muscle tone', and 14 out of 23 within 'coordination and balance'. In the complex MND group, six out of six within 'posture and muscle tone', two out of six in the cluster 'reflexes', six out of six for the cluster 'coordination and balance', and five out of six within 'cranial nerve function'.
In the extremely preterm group, male sex was related to the prevalence and degree of MND (p=0.047) ( Table I) . Parental education was not associated with MND (mother p=1.00, father p=0.600). Since there were only two children with simple MND in the term-born group, no further analyses were possible within the term-born group between children with simple MND and normal neurology.
There were significant differences between children born extremely preterm and the term-born comparison group in motor function with MABC-2, parent-reported motor problems, cognitive abilities, and behaviour problems reported by the parents ( Table II ).
In the preterm group, children who scored below or equal to the 15th and 5th centiles were nine and two in the normal neurology group, 14 and 13 in the simple MND group, and six children in the complex MND group. One term-born child with normal neurology scored below the 15th centile.
After adjusting for confounders, MND was still a significant predictor of motor function (MABC-2) in a multiple linear regression (F 4,69 =10.2, p<0.001, r 2 =0.37; the model explains a large amount of variance) (Tables II and III) .
MND and association with everyday motor function
The Five to Fifteen questionnaire results showed that there was an association in the preterm group between the presence of relevant gross motor difficulties reported by the parents and MND (p=0.009; Table II), but no significant associations between MND and fine motor difficulties (p=0.090). Parents reported that four of the 87 term-born children with normal neurology had relevant gross motor problems, three of 88 had fine motor problems, and one child had both.
MND and association with cognitive abilities
The WISC-IV Full-scale IQ (p=0.001), processing speed (p=0.033), perceptual reasoning (p=0.012), working memory (p=0.024), and verbal comprehension (p=0.014) scores were significantly lower in the complex MND group than for those with normal neurology. MND was a predictor for WISC-IV Full-scale IQ in a multiple regression model, even after adjusting for confounders (F 4,66 =4.6, p=0.003, r 2 =0.21; the model explains a small amount of variance; Table III ).
MND and associations with behaviour
We observed significant differences between the groups in SDQ overall behaviour problems and peer problems reported by the parents (Table II) . A significant difference was seen in overall behaviour problems (p=0.004) and peer problems (p=0.001) between children with normal neurology and those with complex MND. Peer problems were significantly different between children with simple and complex MND (p=0.003) as well as between children with normal neurology and simple MND (p=0.007). Behaviour problems were also significantly different between children with normal neurology and simple MND (p=0.025). Parents of five out of 50 of the children in the normal neurology group reported overall borderline behaviour problems with SDQ, as did six out of 23 for children in the simple MND group, and two out of five in the complex MND group. In a multiple regression model, MND did not predict SDQ overall parent-reported behavioural problems (Table III) . Overall behaviour (p=0.036) and hyperactivity (p=0.019) problems were also significantly more commonly reported by the teachers for children with simple MND than for those with normal neurology. Only a few teachers (n=3) responded to the questionnaire in the complex MND group; therefore, associations between MND and teacherreported behaviour could not be examined.
DISCUSSION
This study explored the prevalence of MND at the age of 6 years 6 months in a cohort of children born extremely preterm, compared with term-born children, and explored associations between MND and motor function and other developmental outcomes, such as general cognitive abilities and behaviour.
Simple and complex MND were much more common in children born preterm than term-born children. In the preterm groups we saw significant differences between those children with normal neurology, and simple and complex MND with performance on the MABC-2, and parentreported everyday motor skills and general cognitive abilities, as well as behaviour. Coordination and balance problems were the prevalent dysfunctional domains in both groups (simple and complex MND), which is reflected in the parent-reported gross motor problems.
Males born preterm have been shown to be at higher risk of developmental impairments 2, 23 and to have a higher prevalence of MND than female children born preterm. 5, 16 Our findings reflect this.
Three separate regression models showed that MND remained the variable that was the strongest predictor of motor function and general cognitive abilities.
The prevalence of MND in term-born populations and relationships with motor function, and general cognitive abilities, has been discussed in previous studies. 10, 12, 13 However, there is still little information available on very and extremely preterm populations. Mikkola et al., 2 who used the full Touwen examination, reported a similar prevalence of MND in their extremely preterm study population, namely 17% with simple and 6% with complex MND. In the EPIPAGE study (using the simplified version of the Touwen examination), in children born preterm before 33 weeks of gestation, the prevalence of simple MND was slightly higher at 52%, and 5% of the children had complex MND. 5 The associations between MND and cognitive abilities, motor skills, and behaviour found in our cohort are in line with other studies in less immature populations. 5 It has been shown in term-born children and adolescents that attention deficits/hyperactivity are related to MND. 11, 24 Our findings in a school-aged cohort of children born extremely preterm are similar; significantly more hyperactivity problems on the SDQ teacher version in children born preterm with simple MND were reported compared with those with normal neurology.
It is assumed that MND reflects dysfunction of the nervous system and it has been suggested that the origin of simple MND is either genetic or caused by stress in early postnatal life affecting the monoaminergic system in the brain, 9 resulting in non-optimal brain function. Complex MND has been interpreted in the context of inadequate cortico-striato-thalamo-cortical and cerebello-thalamo-cortical circuits in the brain. These are regions that are also involved in cognitive and behaviour development, [9] [10] [11] and have been shown to be affected in brain injury or altered brain structure in the context of preterm birth. Several studies including children born very preterm and extremely preterm have shown alterations in several motor pathways and the corpus callosum compared with term-born children. [25] [26] [27] Cerebellar growth has been shown to be affected in the preterm brain, with smaller volumes and the association not only with motor skills but also with cognition and behavioural processes and cerebellar volumes. 28, 29 Such alterations in brain development might underlie MND and the associations with other developmental outcomes in the preterm group; this has been indicated by Set€ anen et al., 16 who showed that complex MND was associated with smaller volumes of thalamus, basal ganglia, and cerebellum.
Parents of children with MND perceived their children to have gross motor problems, including clumsiness, riding a bicycle, or running. This is of clinical importance since it indicates that MND can affect daily activities and may affect school performance. Overall, our findings emphasize the importance of long-term follow-up, which should include systematic and standardized assessments of neurology and motor function, and take parents' and children's views into account, even if the children do not develop CP.
The strengths of this study are that our sample was a population-based cohort of children born extremely preterm with a high follow-up rate and matched term-born comparisons. We showed that in children born extremely preterm the prevalence of MND was significantly higher than in term-born participants, and that this has clinically significant implications for everyday motor function, cognitive abilities, and behaviour. There are some limitations of our study. In our term-born comparison group, the expected prevalence of MND was not seen, which might be a true finding or caused by interrater variability. We adjusted for the most common confounders that are known to affect outcome in the regression models; however, it cannot be overlooked that other factors such as microscopic white matter injury might have influenced the results. Further limitations may be that those children who were lost to the study and those who were unable to complete the neurological examination might have had impaired neurodevelopmental outcome, which could introduce some bias. We used a simplified version of the Touwen examination, which excluded three domains (fine manipulative ability, dyskinesia, associated movements) from the original version. This might have influenced the results in terms of prevalence of MND and the association with it and other developmental domains. However, the study by Fily et al., 17 , showed good agreement between the two approaches; we are therefore confident that neither prevalence of MND in our sample nor associations with other neurodevelopmental domains were significantly affected by using the simplified version.
There is increasing evidence that early intervention can improve motor skills. 30 Developing a reliable tool for identification of MND even before preschool age is therefore important; similarly, randomized controlled trials to further examine the effect of early intervention in children born extremely preterm with MND are needed. One randomized controlled trial with an unselected sample of children born preterm allocated to either a motor intervention or a control group found that the motor development over a 5-year period was significantly better in the intervention group than the control group. 30 These promising findings need to be replicated in further studies, and, importantly, in children born extremely preterm.
CONCLUSION
Even though most children born preterm survive without CP, this study provides further evidence that children born extremely preterm are at higher risk of experiencing subtle neurological problems than their peers. Importantly, this has relevance for their daily activities, and is associated with impairment of general cognitive abilities and behavioural function. tion and analysis, decision to publish, or preparation of the manuscript. The authors have stated that they had no interest that could be perceived as posing a conflict or bias.
SUPPORTING INFORMATION
The following additional material may be found online: Table SI : Neonatal characteristics of those assessed for MND, CP and the drop-out group Table SII : Differences in outcomes between preterm and term-born comparison children
